INDIANA DEPARTMENT OF TRANSPORTATION

INTER-DEPARTMENT COMMUNICATION
Standards Section -- Room N642

August 30, 1999

DESIGN MEM ORANDUM No. 99-13
TECHNICAL ADVISORY

TO: All Design, Operations, and District Personnel, and Consultants

FROM: /9 Richard L. VanCleave
Richard L. VanCleave
Design Policy Engineer
Contracts & Construction Division

RE: Underdrains, Design Manual Section 52-10

EFFECTIVE: All Lettings After January 1, 2000

The purpose of this meno is to give additional
information related to the underdrain design policy discussed
in the Policy Change portion of Design Menp #99-13 and its
underdrai n design procedure docunment attachment. Section
references included in this meno are in accordance with those
in the underdrain design policy docunent.

52-10.0 UNDERDRAI NS

52-10.01 Definitions:

Underdrain Pipe/Qutlet Pipe: When the term underdrain pipe is
used, it refers to the perforated pipe installed in

| ongi tudinal trenches. The termoutlet pipe refers to the
non- perforated pipe that conveys the water collected by the
underdrain pipe to the drai nage system

Si ngl e Access/ Dual Access Underdrain: A single access
underdrain is the type of underdrain systemthat |NDOT has
traditionally installed. It consists of an outlet pipe
connected to the I ow end of an underdrain pipe. A cap is
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pl aced on the high end of a single access underdrain to
prevent aggregate backfill fromentering the underdrain pipe.

A dual access underdrain features a second outlet pipe
installed at the high end of the underdrain pipe instead of an
end cap. This second outlet pipe is not intended to convey
water, but is provided for inspection and mai ntenance

pur poses.

| ntercept Station & Elevation/Qutlet Station & El evation: The
intercept station is defined as the | ocation where the
connecti on between an underdrain pipe and an outlet pipe is
made. Simlarly, the intercept elevation is the elevation at
whi ch the above connection occurs. The outlet station is
defined to be the |ocation where the outlet pipe outfalls at
an outlet protector or is connected to a drainage structure.
The outlet elevation is the el evation at which the above
outfall or connection occurs. |If the connection includes two
45° el bows as shown on the detail fromthe 718-UNDR series of
| NDOT St andard Drawi ngs, the intercept station and outl et
station will be identical.

52-10.02 Existing Underdrain Perpetuation

Roadways wi th exi sting underdrains nust have all outlet pipes
| ocated and perpetuated as part of any project. Generally,
this work involves renoval of mi scell aneous existing itens,
such as outlet protectors, delineator posts, and danaged

exi sting outlet pipe, as well as installation of new outl et
pi pe and construction of new outlet protectors.

52-10.03 Underdrain Warrants

Not every project warrants the installation of underdrains.
I n general, only those that include new pavenent construction
or rehabilitation of existing pavenent are consi dered

candi dates for underdrain installation. Even projects that
are in the above categories require a design year traffic
vol une of at |east 3000 vehicles per day and a net paving

l ength of at |east 600 m before underdrain installation is
warranted. Projects that do not neet the above criteria
shoul d i nclude underdrains only if the existing pavenent
sections adjacent to the project area in both directions

i ncl ude underdrai ns.

Desi gners who are responsi ble for perform ng pavenent designs
must eval uate whether the projects neet the underdrain
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warrants and account for the presence or absence of
under drai ns when determ ning the project pavenent section.

52-10.04 Design Criteria

52-10.04(01) Sl ope

The sl ope of an underdrain pipe is normally related to the
proposed pavenent profile. Figure 1 illustrates a typical
project vertical alignment and underdrain pipe design
segnent s.

Referring to Figure 1, if g, is equal to or steeper than 0.2
percent, all underdrain pipe within segnent 1 will be
installed at a fixed dinension below the pavenent, as shown in
Section 52-6.0. If g, is flatter than 0.2 percent, all
underdrain pipe within segment 1 will require a speci al

design. The special design nust utilize a |ongitudinal slope
of 0.2 percent or steeper, resulting in an underdrain pipe
installed at a varying depth below the pavenent along its

| engt h.

52-10.04(03) CQutlet Spacing

Qutlets are required at all vertical alignment |ow points
encountered along a project. Low points can result from sag
vertical curves, paving exceptions, or obstacles that

i nterrupt underdrain pipe installations.

Underdrain pi pe cannot be of unlimted | ength because

i nspecti on and mai nt enance operations nust be perfornmed.
Therefore, nost underdrain systens require outlets in addition
to those needed at | ow points along a project’s vertical
alignment. At the sane tinme, it is also desirable to mnim ze
t he nunber of outlets in an underdrain system

One way to minimze the nunmber of outlets is to utilize dual
access underdrai ns wherever possible. Because outlet pipes
provi de access to the underdrain pipe at both ends, underdrain
pi pe lengths of up to 200 m are appropriate for a dual access
underdrain. |In situations where the proposed outlet spacing
results in an underdrain pipe length of |ess than or equal to
120 m it is acceptable to use a single access underdrai n.

Figure 1 can be used to denpnstrate how outl et spacing
requi renments affect underdrain pipe design. The project
vertical alignment illustrated in the figure dictates that
underdrain segnment 1 requires an outlet at the sag vertical
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curve low point. The nunber of additional outlets required
within segnent 1 depends on the di stance between the begin
project |location and the sag vertical curve |ow point. Below
are three scenarios with different distances between the begin
project location and the sag outlet and a description of the
preferred underdrain pipe segnent 1 |ayout associated with
each situation

1. Case 1, Sag Vertical Curve Low Point is 100 mfrom
Begin Project Locati on—Because only 100 m of underdrain
pipe is required, the preferred segnent 1 installation
is one run of single access underdrain.

2. Case 2, Sag Vertical Curve Low Point is 200 mfrom
Begin Project Location—Ihe preferred segnment 1
installation is one run of dual access underdrain.

3. Case 3, Sag Vertical Curve Low Point is 500 mfrom
Begin Project Location—Ihe preferred segnment 1
installation is two 200 m dual access underdrain pipes
and one 100 m single access underdrain pipe.

The above preferred underdrain pipe designs are based on
maxi mum out | et spacing criteria only. Project specific
conditions may require that other underdrain pipe |ayouts be
used.

52-10.04(4) Locati on

The | ocation of underdrain pipe within each proposed cross
section should be in accordance with the typical cross
sections shown in Section 52-6.0. Underdrain pipe
installation should be as continuous as possi ble throughout
the project area. Potential conflicts, such as drainage
structures and underground utility facilities, should be
designed in a manner that mnim zes the interruption of
underdrain pipe installations.

CGenerally, outlet pipe is used to convey water collected by
t he underdrain pipe to the drai nage system However, if an
inlet, catch basin, manhole, or simlar structure is |ocated
al ong the proposed underdrain pipe alignment, the underdrain
pi pe may be connected directly to the structure. This
situation occurs nost often with curb inlets and inlets

adj acent to concrete nedian barrier.

Underdrai n pi pe should not be connected directly to pipe

cul verts or precast concrete culverts. |If a pipe or precast
concrete culvert prevents the continuous installation of an
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underdrain pipe, the culvert should be treated as an obstacle.
Qutl et pipes or end caps should be provided as appropriate on
t he underdrain pipe ends i medi ately adjacent to the cul vert.

Crest vertical curve high points should also be treated as an
obstacle in terns of underdrain pipe installation. Referring
to Figure 1, a crest vertical curve high point serves as the
boundary between underdrain pipe segnments 3 and 4. At this

| ocation, caps or outlet pipes should be installed at the
underdrain pipe ends. The 718-UNDR series of |INDOT Standard
Drawi ngs includes a detail that illustrates a typical crest
vertical curve high point installation with caps placed on the
underdrai n pi pe ends.

Typically, the connection detail shown on the 718-UNDR series
of I NDOT Standard Drawi ngs should be utilized at all
connections between underdrain pipe and outlet pipe. The
detail allows the designer the flexibility to omt one of the
45° el bows if necessary to provide a positive outlet. If it
becones necessary to devel op project specific connection
details for any reason, the detail should not include 90°

el bows or tees. Abrupt bends in the underdrain system nmake it
difficult to performvideo inspection and nai nt enance
oper ati ons.

Anot her outl et pipe installation requirenment intended to

i nprove mai ntenance and i nspection capability is that separate
outl et pipes nmust be provided for each underdrain pipe.
Referring again to Figure 1, the outlet at the sag vertical
curve low point requires that two outlet pipes be installed—
one for the underdrain pipe fromsegnent 1 and one for its

adj acent counterpart from segnent 2. The two outlet pipes are
installed in a common trench as shown on the 718-UNDR series
of the INDOT Standard Drawi ngs. Outlet pipes installed in
common trenches should outfall at the sane el evation.

The practice of using a transverse pipe to connect parall el
underdrain pipes is not appropriate, as it violates the policy
of providing separate outl et pipes for each underdrain pipe.

Anot her factor affecting the location of outlet pipe is
outfall freeboard. A m nimm of 300 mm shoul d be provided
bet ween the outlet elevation and a nedian ditch flow line and
600 mMmis the reconmmended m ni mum freeboard for outfalls at a
side ditch. Connections between outlet pipe and drainage
structures should be made at | east 150 mm above the drai nage
structure invert.
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| f the above freeboard requirenents cannot be net at an

adj acent ditch or drainage structure, it is acceptable to
install the outlet pipe under the pavenent to a suitable
outl et | ocated on the other side of the roadway. Figure 2
illustrates a typical installation of outlet pipe under
pavenent to an acceptable outlet on the opposite side of the
roadway.

52-10. 04(06) Qutlet Protectors

Qutl et protectors are required at all | ocations where an
outl et pipe intersects a nedian or side sl ope.

Qutl et protectors can accommodate one or two pipes.

Figure 52-10A of the design policy docunent includes the
Ssteepest and fl attest slopes appropriate for the installation
of each outlet protector type. For many slope magnitudes,
nore than one outlet protector type is acceptable. As a
general rule, the |argest appropriate protector should be
utilized.

For exanpl e, assune a designer nmust sel ect the appropriate
protector type for an outlet |ocated on a 3:1 outside slope.
Figure 52-10A indicates that all outlet protector types can be
constructed on a 3:1 slope located on the outside. In
accordance with the above rule, a Type 1 protector is the
preferred protector type. However, if a field condition wll
not permt the construction of a Type 1 protector, a Type 2
protector should be considered next. Only after verifying
that both of the larger protector types cannot be constructed
at an outlet |ocation, should the Type 3 protector be
consi der ed.

52-10.04(07) Ceotextile for Underdrains

Hi storically, this item has been one of the m sunderstood
underdrain system el ements. Geotextile lining of underdrain
pi pe trenches is only appropriate when it can be determ ned
that project area soils are silts or |oans. The purpose of
the geotextile lining is to prevent the mgration of silt or

| oam particles into the underdrain pipe trench. |If no silt or
| oam soils exist in the project area, there is no need to line
underdrain trenches with geotextile.

Underdrain pipe trench lining should only be used when either
of the follow ng situations exists:
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1. Geotechni cal Engi neering Report Recommendati on—-A
Ceot echni cal Engi neering Report has been prepared for
the project and it recomends that geotextile lining of
underdrain pipe trenches be utilized.

2. Silt or Loam Soil Docunentati on—No Geotechnica
Engi neeri ng Report has been prepared for the project
currently under devel opnent, but a report prepared for
an earlier project constructed at the site, county soi
survey, or other source verifies the presence of silt
or loamsoils in the project area.

A second application for geotextile for underdrains provides a
barri er between enbanknment material placed behind a curb and
an adj acent underdrain pipe trench. This geotextile should be
installed in accordance with Section 52-6.0 and is al ways
requi red when a curb is constructed above an underdrain pipe
trench.

52-10.05 Contract Preparation

52-10. 05(01) Pl ans

In general, information related to underdrains should be shown
on plan sheets as early as possible. One criticismof past
underdrain designs commonly made by contractor and
construction personnel is that the design often appeared to be
an afterthought. Hopefully, incorporating underdrain design
data onto plan sheets as soon as it beconmes avail abl e during

t he design devel opnment process can elimnate this problem

Figure 3 includes a schedule for incorporation of underdrain
rel ated el ements onto plan sheets during the design

devel opment process. For exanple, the figure indicates that
when the profile grade can be shown on the plans, the speci al
underdrain limts should al so be shown on the profile portion
of the Plan & Profil e Sheet.
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Desi gn Landmark

Underdrain Informati on Required On
Plan Subnitta

Profil e Grade Determ ned

Speci al Underdrain Limts Shown On
Profile Portion of Plan & Profile
Sheet

Recei pt of Approved Pavenent Design

Underdrain Pipe Trench Details Shown
On Typical Cross Section Sheet.

Underdrain Tabl e Data I ncl uding
- Underdrain Pipe Limts
Qutl et Pipe Locations
Underdrain Pipe And Qutlet Pipe
Fl ow Li ne El evati ons
Qutl et Protector Design Data

Fi nal Check Prints

Underdrain Tabl e Including Al
Required Pay Item Quantities

UNDERDRAI N PLAN SUBM TTAL REQUI REMENTS
Figure 3

52-10. 05(04) Pr oposal

The follow ng codes apply to underdrain related pay itemns.

Pay |tem Description Pay |tem Code
Pi pe, Type 4, Circular, 100 nm 715- 05230
Pi pe, Type 4, Circular, 150 nm 715- 05048
Pi pe, Underdrain Qutlet, 150 nm 715- 05053
Aggregate for Underdrains 718-52610
B Borrow for Structure Backfill 211- 02060
HVA for Underdrains 718- 06526
Geotextile for Underdrains 718- 99153
Qutlet Protector, 1 718- 06528
Qutlet Protector, 2 718- 06529
Qutlet Protector, 3 718- 06531
Vi deo | nspection 718- 06532

UNDERDRAI N PAY | TEM CODES
Figure 4

If there are questions regarding this matter,

me at (317) 232-5347.

RLV/ | gj
F:\des\ Si gned\ 9913-t as. doc

pl ease cont act

Page 10 of 10




